Abstract: Rhizocarpon hochstetteri s. str. is shown to be an upland/montane species with relatively large ascospores. The name Rhizocarpon infernulum is resurrected for the species with smaller ascospores previously included within R. hochstetteri, but which is probably more closely related to R. cinereovirens. Lectotypes are chosen for a number of taxa, including R. cinereovirens and R. infernulum, and descriptions provided for two new taxa with small hyaline, 1-septate ascospores: R. caesium, which occurs on damp, mildly basic rocks in oceanic areas, and R. infernulum f. sylvaticum occurring on siliceous rocks in damp deciduous woodlands. All these taxa are known also from North America. Rhizocarpon discoense is shown to be a distinct species, not a synonym of R. cinereovirens. The different ascospore dimensions reported for R. hochstetteri by British and European authors are shown to be due to confusion between R. hochstetteri and R. polycarpum. A number of morphological characters are evaluated regarding their relevance to species separation in Rhizocarpon and the name Macrocarpa-green is proposed for the olivaceous pigment present in most species of Rhizocarpon and Porpidia. A key is provided for the species of Rhizocarpon with hyaline, 1-septate ascospores.
Introduction
It has been realized for some years that two taxa were involved in British specimens of Rhizocarpon hochstetteri (Körb.) Vain. One of these occurs on damp, siliceous rocks in oceanic woodlands, has a thin thallus, sessile apothecia with a thin, raised persistent margin, and small ascospores, whereas the other occurs on exposed upland/montane rocks, has a thicker, grey-brown thallus, more innate, flatter apothecia and larger ascospores. Other collections with small ascospores from less humid, more exposed habitats have a thicker thallus and more innate apothecia but are clearly conspecific with the small-spored taxon. Previously (Fryday 1996 (Fryday , 1997 , I believed the name R. hochstetteri to be applicable to the smallspored species and suggested that R. 'colludens' may be the correct name for the large-spored species. However, examination of the holotype of R. hochstetteri, which was not previously available for study, has shown it to be a specimen of the large-spored species with an atypically thin thallus. Rhizocarpon infernulum (Nyl.) Lynge is, therefore, resurrected from the synonymy of R. hochstetteri for the small-spored species, and the f. sylvaticum Fryday proposed for the distinctive form that typically occurs in damp woodlands. A third taxon, also with small ascospores but larger, flatter apothecia and a vividly aeruginose epihymenium, has also been identified from mildly basic rocks in western areas of the British Isles (Fryday 1996 (Fryday , 1997 for which the name R. caesium Fryday is proposed.
The description of R. hochstetteri given by Purvis et al. (1992) is a combination of character in the taxon. H-NYL 10047 was selected by Brodo (Inoue 1997) as the lectotype of Lecidea colludens Nyl., which Nylander introduced as a nomen novum for Lecidea atroalba var. chlorospora Nyl. (see below). F . 1 . Rhizocarpon hochstetteri s. str., thallus and apothecia A, alpine form with stictic acid (Fryday 1358) ; B, upland form lacking stictic acid (Fryday 2285) . Scales; A=1 mm; B=2 mm.
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Buellia colludens (Nyl.) Arnold Nylander (1870-not 1871 as stated by Zahlbruckner 1926) introduced this name for Lecidea atroalba var. chlorospora, which he describes as 'nomen rejiciendum'. It is, therefore, also a synonym of R. hochstetteri. There are six specimens under this name in H- NYL. Two (H-NYL 10047 & 10060) were originally named L. atroalba var. chlorospora (see above) and of the other four (all from the British Isles), three (H-NYL 10045, 10067, 10071) are referable to R. infernulum, and the fourth (H-NYL 10064) to R. hochstetteri.
Rhizocarpon applanatum (Fr.) Th. Fr. This taxon is usually considered a synonym of R. hochstetteri (e.g. Zahlbruckner 1926 , Thomson 1967 ). I have not seen original material but the description given by Th. Fries (apothecia 1·0-1·2 mm diam., ascospores 16-29 6-13 m) clearly supports this placement.
Rhizocarpon concretum (Ach.) Zahlbr. Lecidea atro-alba [var.] concreta Ach., K. svenska Vetensk. Akad. Handl. 1808 : 233 (1808 Helv. Spic., sect. 3: 128 (1828) .-Catillaria concreta (Ach.) A. Massal., Ric. Lich. Crost.: 79 (1852) .-Catillaria concreta (Ach.) Körb. Syst. Lich. German. 232 (1855) .-Rhizocarpon concretum (Ach.) Zahlbr., Wiss. Mitt. Bosnien und Hergov. 3: 608 (1895) .-Rhizocarpon concretum (Ach.) Elenkin, Lich. Fl. Ross. 3: 126 (1904) ; type: ad saxa in montosis Sveciae (UPS-ACH-lectotype selected here). [Note: all the above combinations apart from the basionym and the last are nomina sed non planta.] The basionym of Rhizocarpon concretum (Lecidea atro-alba var. concreta Ach.) is validly published, and the epithet is valid at specific rank since the publication of Catillaria concreta (Ach.) A. Massal. in 1852. The original material of this taxon was apparently collected by Wahlenberg (Svecia. Lapponica: Rupes), but first described by Acharius (1808) and only later by Wahlenberg (1812). Although Wahlenberg made no direct reference to Acharius' name in his treatment, and the descriptions are very different, he did refer to Lecidea atro-alba (L.) Ach. under the specific epithet, and so must have been aware of Acharius' use of the infra-specific epithet a few lines below. Also, Acharius (1814) Th. Fries (1860) included it in the synonymy of Rhizocarpon geminatum Körb. However, as R. geminatum has large, pigmented, eumuriform ascospores and Massalongo clearly illustrated a species with small, 1-2-celled, hyaline ascospores (loc. cit., fig. 160 ), Massalongo obviously had a very different species in mind from that described by Acharius. Körber (1861) Vainio (1922) , this latter species is C. concreta sensu Körber. Of the species known to be included in Schaerer's Lich. Helv . no 177, the description of C. concreta sensu Massalongo best fits Fuscidea lygaea, because that species has sessile apothecia and over-mature ascospores often become pale brown and occasionally develop a median septum. Although it is interesting to know what taxon Schaerer, Massalongo, and Körber considered the epithet 'concreta' to refer to, the identity of their specimens is irrelevant to the correct use of the name, because this is linked to Lecidea atro-alba var. concreta Ach. and it is the identity of Acharius' specimens that is important.
There are three specimens of Lecidea atroalba var. concreta in BM-ACH (no. 73), one in UPS-ACH, and none in H-ACH. Of the BM-ACH specimens, which are annotated just ' concreta', one (on the left of the card) has hyaline, two-celled ascospores measuring 27-29 16-18 m, a K+ purple epihymenium and is referable to R. polycarpum, whereas the other two have large, darkpigmented, strongly muriform ascospores and are referable to R. disporum (Nägeli ex Hepp) Müll. Arg. or R. geminatum, which are separated only by the number of spores per ascus. Of these two specimens, one (in the centre of the card) has single-spored asci, and a thallus containing stictic acid (K+ yellow), whereas the other specimen (on the right of the card) has a thallus lacking stictic acid (K ), and the number of spores per ascus in the same apothecium is variable (a phenomenon noted in these two taxa by previous workers, for example Lynge 1932; Thomson 1967 Remarks. In the British Isles Rhizocarpon hochstetteri is a species of exposed siliceous rocks in upland/montane situations where it is widespread and frequent. Timdal & Holtan-Hartwig (1988) recognized two chemical races of R. hochstetteri, with or without stictic acid, suggesting that acid-deficient specimens had thinner areolae, a lower hymenium and possibly smaller ascospores. Of the 28 specimens of R. hochstetteri from the British Isles examined in this study, nine contained stictic acid. These were all from high altitudes (over 900 m) and had a thick red-brown thallus with innate, immarginate apothecia ( Fig. 1A) , and hymenium and spore dimensions towards the upper end of the range. Conversely, most specimens lacking stictic acid tended to occur at lower altitudes, and had a grey-brown thallus with sessile apothecia (Fig. 1B) . Previously (Fryday 1996 (Fryday , 2001 , I tentatively recognized the stictic acid containing race as var. rufoatrum (of R. 'colludens'). However, a population of R. hochstetteri from the Queen Charlotte Islands (British Columbia, Canada) also contains stictic acid but has the thallus morphology and ecology of the typical specimens from the British Isles. Therefore, I now consider the recognition of the stictic acid-containing strain as a distinct taxon untenable.
Vainio (1883) described the new taxon Lecidea hochstetteri f. incrassata Vain., and later (Vainio 1922) he made the new combination, Rhizocarpon hochstetteri f. incrassatum ('incrassata') (Vain.) Vain. The three collections cited in the protologue are in TUR-V named Rhizocarpon applanatum var. incrassata, although this new combination and status does not appear to have been published. In the protologue, Vainio describes his new taxon as ''thallus rufescens'' and this, combined with the epithet 'incrassatum' (=thickened), suggests the entity discussed above as 'var. rufoatrum'. Of the three specimens in TUR-V, one does have a thallus containing stictic acid (K+ yellow, Pd+ orange) and composed of thick convex areoles, but these are grey, not red-brown. However, as this collection 'Lapponia inarensis' most closely matches Vainio's description, and is also the only one cited in both Vainio 1883 and 1922, I here designate it the lectotype. If this entity is recognized at the rank of forma, then Vainio's name is available and must be used. It should also be considered if the entity is recognized at a different rank. The other two collections in TUR-V have a thallus composed of flat, grey-brown areoles lacking stictic acid and are typical R. hochstetteri.
Rhizocarpon hochstetteri usually has a blueblack epihymenium (Macrocarpa-green), although the paraphysoid tips are brown (Atra-brown), and correspondingly contiguous paraphysoids (see below). However, one collection (R. Munro, Glen Doll) has a hyaline epihymenium and readily separating paraphysoid tips.
Other lichens associated with R. Hemisphere collections, with which they are otherwise in good agreement. This phenomenon has been observed in other lichen species (Smith & Øvstedal 1994; Fryday 2000a ) and deserves further investigation.
Rhizocarpon hochstetteri s. str. appears to occupy a rather isolated position within the genus. All the other species considered here have small, persistently hyaline ascospores, whereas in R. hochstetteri they are both larger and tend to become somewhat pigmented when mature. In some respects, R. hochstetteri appears more closely related to the R. polycarpum/R. richardii group, although it lacks the amyloid (I+ blue) medulla of those two species, or to species with pigmented ascospores, for example R. 
Rhizocarpon caesium Fryday sp. nov.
Thallus caesius interdum leviter oxydatus, laevis, continuus vel rimosus; ascomata plana vel leviter convexa, innata vel sessilia, grandia 0·8-1·3(-2·0) mm diametro; excipulum proprium vulgo exclusum, ubi visibile crassiusculum sed vix elevatum; hymenium 110-120 m altum; epihymenium cyaneum; paraphysoides parce ramosae et anastomosantes, c. 2·5 m latae, apicibus vix dilatatae, sed apice omni pileum delimitatum cyaneum instructo, autem versus excipulum pileis brunnescentibus; ascosporae hyalinae, 1-septatae, 13·5-15·0(-18·0) 7-8·5 m.
Typus Conidiomata not seen.
Chemistry. C , K , KC , Pd . No substances detected by TLC.
Remarks. Rhizocarpon caesium is a distinctive species that is usually easily identifiable in the field. Its blue-grey thallus, large, innate, flat apothecia and habitat of mildly basic rocks (basalt, andesite, schists, etc.) readily separate it from R. infernulum. Microscopically it differs from R. infernulum in having a more vividly aeruginose epihymenium (Cinereorufa-green), blue pigmented paraphysoid caps and a higher hymenium. Previous records from Scotland have also been mistakenly named R. expallescens Th. Fr. (e.g. Gilbert & Fox 1986 ) but that species occurs only on limestone and has a K+ purple excipulum.
Rhizocarpon caesium is not a rare species in the oceanic regions of Scotland where it is most frequent on the basic, tertiary basalt of the Inner Hebrides (Fig. 3) The single collection from outside the British Isles (Queen Charlotte Islands, British Columbia, Canada) was from periodically inundated siliceous rocks around a highaltitude lake well known as a location for other rare species (Fig. 4A ). This extremely disjunct distribution pattern is known in a number of other lichen species (see below). Fig. 6A ) that are olivaceous rather than brown. The thallus also generally contains norstictic acid (occasionally only stictic acid) rather than no substances or stictic acid in R. infernulum .
The lectotype of R. cinereovirens, and other collections from Europe and North America, have an areolate thallus with distinctly marginate, innate apothecia ( Fig.  5A) , whereas British collections often have a much reduced thallus of convex areoles and immarginate apothecia (Fig. 5B) . However, the anatomy of the apothecia of these specimens appears identical to the lectotype, and other specimens referred to R. cinereovirens, and it is probable that the thalline characteristics are an environmental modification resulting from the 'stressed' conditions in which the British specimens occur.
In the British Isles R. cinereovirens is a species of exposed siliceous rocks. It is particularly frequent on the spoil of disused metal mines in Mid Wales (7 sites-S. P. Chambers, pers. comm.) Rhizocarpon discoense Lynge, usually included in the synonymy of R. cinereovirens (Thomson 1967; Timdal & Holten-Hartwig 1988) , has a similar apothecial anatomy of branched paraphyses with greenish pigmented tips and small, hyaline 1-septate ascospores, but differs in having a welldeveloped exciple with a purple pigmentation (K+ purple), a thallus consisting of grey bullate areoles, and ascospores towards the upper end of the range (16·0-17·0 9·0-10·0 m). These differences are sufficient to warrant recognizing R. discoense as a distinct species. I have seen only the holotype collection from Disko Island, Greenland [Disko, Sinigfik, on a stone cairn, built of hard, dense rock, 1932, Lynge (C)].
An apparently undescribed species of Rhizocarpon from the Queen Charlotte Islands, British Columbia, Canada, has a similar exciple structure to that of R. cinereovirens. It is confined to maritime rocks in the salt spray zone, has apothecia in which the margin is consistently paler than the disc, and a thallus consistently containing only stictic acid (I. M. Brodo, pers. comm.) . Typification. Nylander (1885: 440, 445) described the two new species Lecidea infernula and Lecidea decinerascens from collections made by S. Almquist during the Vega Expedition of 1878-89 to the Bering Sea. It is difficult to find any significant differences between these two taxa, either in Nylander's descriptions or in the specimens upon which they are based. Vainio (1922) correctly considered them conspecific and referred both species to R. hochstetteri f. infernulum ('infernula'), whereas Thomson (1967) included both taxa within R. hochstetteri. According to Thomson (1967) 466 THE LICHENOLOGIST Vol. 34 areoles and sessile apothecia with a thick, barely raised exciple. Internally, the lectotype has a brownish epihymenium with swollen paraphysoid tips that are conglutinate in K.
Rhizocarpon infernulum is a species of siliceous rocks where it forms small patches, usually <2 cm diam (Fig. 7A) . In the British Isles it is most frequent on the spoil of disused metal mines, but also occurs on siliceous rocks at all altitudes, although it is more frequent in upland to montane regions. Associated species, which include Porpidia tuberculosa and Rhizocarpon reductum, suggest that it may be a colonizing species or one adapted to stressed habitats generally. I have not seen any specimens of this taxon from North America, but I have, so far, looked at very few specimens from the Arctic or Boreal regions. Thomson (1967 Thomson ( , 1997 includes this taxon in R. hochstetteri but, as it is known from Greenland (see below) and Degelius (1937) includes a record from the Aleutian Islands (as R. hochstetteri f. infernulum), I have no doubt that it occurs throughout the North American Arctic.
Rhizocarpon infernulum is a variable taxon with respect to thallus colour (brown to almost white) and form (dispersed-areolate to smooth-continuous), chemistry (no substances or stictic acid), and ecology (exposed montane heaths to rock outcrops in woodlands). However, it is characterized by having paraphyses with brown (Atrabrown), sharply delimited, swollen caps, although these are usually masked by the blue-green pigment (Macrocarpa-green) present in the upper hymenium. The collections from shaded woodlands, with a thin brown thallus and prominent apothecia (Fig. 7B) , are considered sufficiently distinct to merit description below as a separate forma. F. 8 . Rhizocarpon infernulum f. infernulum (Fryday 5053), ascospores. Scale=25 m.
Rhizocarpon infernulum forma sylvaticum Fryday forma nov.
Rhizocarpon infernulo f. infernulo similis sed thallo tenui, 0·05-0·08 mm, continuo vel rimoso, dilute brunneo, sine substantiis lichenis, prothallo nigro visibili; ascomatibus sessilibus, excipulo proprio tenui et persistenti, epihymenio vulgo sine pigmento aeruginoso.
Typus: Cambria, V.C. 48, Merioneth, Ganllywd, 23/7223, 100 m, siliceous rock wall at edge of damp woodland, A. M. Fryday 3007 (E-holotypus).
Rhizocarpon massalongoi sensu Malme . . . massalongoi Körb. (see p. 456), Lich. suec. exs. fasc. 5, no. 124 (1909) , non Catillaria massalongoi Körber. ( Figs 4B, 6C, 7B) Thallus thin, 0·05-0·08 mm thick, pale brown, areoles flat, 0·2-0·5 mm diam., smooth, becoming areolate on a welldeveloped black prothallus towards the margins and rimose in thicker areas towards the (-20) 8·5-11·0 m. Hypothecium medium brown (Arnoldiana-brown). Excipulum of radiating hyphae, pale brown with dark brown, carbonaceous outer cells.
Conidiomata not seen.
Chemistry. C , K , KC , Pd . No substances detected by TLC.
Nomenclature. Malme made the new combination Rhizocarpon massalongoi in Lich. suec. exs. fasc. 5, no. 124 (1909) . The single specimen of this number that I have seen (MIN-see below) is referable to R. infernulum f. sylvaticum. As Vainio (1922) includes R. massalongoi as a synonym of R. hochstetteri f. incrassatum ('incrassata') (Vain.) Vain. and cites Malme's exsiccati number, I thought that this may be an earlier name for this taxon. However, the syntypes of this taxon in TUR-V are referable to R. hochstetteri s. str. (see above)
Remarks. Previously, I referred to this taxon as 'R. oceanicum' (Fryday 1996) , but subsequent investigation has shown that it intergrades with typical forms of R. infernulum and is not worthy of specific rank. Rhizocarpon infernulum f. sylvaticum is frequent on damp siliceous rocks, boulders and walls in the oceanic woodlands of the western British Isles, but also occurs on damp rocks at high altitude in western Scotland (e.g. Ben Cruachan), and on upland/ montane rocks in the south-western British Isles, for example Bodmin Moor (SW England), Brandon Mountain (SW Ireland).
It appears to be most frequent in Wales, becoming less common further north in Scotland, although its distribution is difficult to assess accurately because of previous confusion with R. hochstetteri. Records of R. hochstetteri from The Azores (O. W. Purvis pers. comm.) are also possibly referable here.
Rhizocarpon infernulum f. sylvaticum is also frequent in eastern North America; the illustration of R. hochstetteri in Brodo et al. (2001) is this taxon, and much of the description they provide (thin, smooth thallus; apothecia with thin, persistent margin; usually in damp or shaded sites) refers to it. It has been collected from Quebec to North Carolina and as far west as Minnesota, but has yet to be recorded from western North America (Fig. 4B) . This amphi-atlantic distribution is rare and not easy to explain but is possibly a consequence of the taxon's apparent affinity with deciduous woodland (see below).
Rhizocarpon infernulum f. sylvaticum is usually easily separated from f. infernulum in the field by its habitat, thin, continuous, olivaceous-brown thallus, and sessile apothecia with a narrow prominent margin (Fig.  7B) . However, intermediates do occur, and these can be impossible to place. Internally, the apothecia of f. sylvaticum are characterized by their very lax paraphysoids, especially in K. This character, combined with the sharply delimited pigmented caps of the paraphysoids (Fig. 6C ) and the 1-septate ascospores, gives apothecia sections the appearance of a Catillaria sp. However, R. infernulum f. sylvaticum can be separated from members of that genus by its anastomosing paraphysoids and different ascus structure.
The epihymenium of f. sylvaticum is invariably hyaline, allowing the brown (Atrabrown) pigmented tips of the paraphysoids to be clearly visible. As it is the blue-green pigment (Macrocarpa-green) that is responsible for the N+ red reaction of the epihymenium in f. infernulum (and other species of the R. hochstetteri group), this reaction is also absent. Occasionally a small amount of Macrocarpa-green is present, in which case there is a slight N+ red reaction. The presence of Macrocarpa-green appears to be related to the degree of sun-exposure of the specimen as it is absent in f. sylvaticum, which occurs in damp shaded woodlands, but most abundant in those specimens of f. infernulum that occur on exposed montane rocks (e.g. Fryday 1204 Fryday , 1368 . The degree of separation of the paraphysoids also appears to be inversely related to the amount of Macrocarpa-green produced. Consequently, as f. sylvaticum occurs in shaded deciduous woodlands, it has a hyaline epihymenium and paraphysoids that separate readily, whereas f. infernulum, which occurs in more exposed situations, has a blue-black epihymenium and contiguous paraphysoids.
The holotype of R. infernulum f. sylvaticum was growing with the bryophyte Racomitrium heterostichum. Species associated with other collections include Porpidia tuberculosa and Rhizocarpon reductum.
Discussion

British and European ascospore dimensions of R. hochstetteri
Authors from continental Europe frequently quote smaller ascospore dimensions for Rhizocarpon hochstetteri than British authors, for example, 10-25 6-11 m (Feuerer 1978; Wirth 1980) , 17-28 9-13 m (Timdal & Holten-Hartwig 1988) , 10-29 6-11 m (Foucard 1990 ) against 25-36 12-16 m (Duncan 1970 ), and 25-36 12-17 m (Dobson 2000 . Purvis et al. (1992) recognized this discrepancy, comparing their dimensions of 25-32 12-15 m with a figure of 10-25 6-11 m given by continental authors.
Initially, it was believed that this discrepancy was a consequence of the three species (R. hochstetteri, R. infernulum and R. caesium) involved in British collections referred to R. hochstetteri. However, the ascospore dimensions of these species, correspond only to those given for R. hochstetteteri by continental authors, with the ascospore dimensions given by British authors being larger than those of any of the species involved. Examination of a large number of specimens referred to R. hochstetteri in E and BM revealed that many were referable to R. polycarpum, including specimens collected and determined by Ursula Duncan. As the length of the ascospores in this species are in the range 22-36 m, this explains the erroneous ascospore dimensions given for R. hochstetteri by Duncan (1970) and perpetuated by Purvis et al. (1992) and Dobson (2000) . These misdeterminations are puzzling as the differences between the two species (R. polycarpum has an I+ blue medulla and a K+ purple epihymenium) were correctly indicated by Duncan (1970) . This confusion was not limited to British authors, however, as the specimens distributed as R. hochstetteri by Poelt (Lichenes Alpinum No. 65; M. Steiner, 1958) are also R. polycarpum.
Phytogeography of Rhizocarpon species
The apparent world distribution patterns exhibited by crustose lichens must be treated with caution because they are poorly collected, especially in critical tropical and Southern Hemisphere areas. However, for the taxa under consideration here, sufficient material has been examined from temperate Europe and North America to enable a tentative assessment to be made of their major distribution patterns. Examination of more material from Scandinavia and the North American Arctic will hopefully confirm the trends detected so far.
Of special interest are the different distribution patterns of Rhizocarpon caesium and R. infernulum f. sylvaticum (Fig. 4) sylvaticum also corresponds to the southern extent of the last extensive glaciation (Pleistocene) of the Northern Hemisphere, which ended c. 13-12 000 BP. During this glaciation, the environment of the area would have been similar to that further north where R. infernulum f. infernulum occurs today, and it is probable that, as the ice retreated northwards, R. infernulum f. infernulum retreated with it, and the f. sylvaticum developed as a response to the encroaching deciduous forests.
The north-western Europe/north-western North America disjunct distribution pattern of R. caesium is one shared by numerous other lichens, for which the term 'Trøndelag lichens' has recently be coined (Holien & Tønsberg 1996; Printzen & Ekman 2002) . Both areas have a highly oceanic climate (A. B. G. Averis unpublished MSc thesis), characterized by high rainfall and low seasonal temperature variation (mild winters, cool summers), which leads to the development of a characteristic, and extremely diverse lichen flora that is not found in more continental areas (Fryday 2002) . It is unclear whether this present distribution pattern is the consequence of long-range dispersal, or represents relict populations of a once more widespread species.
Pigmentation of the epihymenium
According to the system of Meyer & Printzen (2000) , the pigment in the hymenium of all the species discussed here is Cinereorufa-green. This is certainly the case for R. caesium (see above), but the olivaceous green to blue-black pigment present in the other species may be different. This pigment is not only much duller blue in water, but the colours in high and low pH are also less intense. In particular, the colour of the pigment after pre-treatment with 50% HNO 3 is grey-green in high pH (greenishblue for Cinereorufa-green), and reddish brown in low pH (violaceous for Cinereorufa-green). A similar situation occurs in the genus Porpidia Körb., 
Usefulness of characters in distinguishing species
Thallus
The thallus in many species of Rhizocarpon ranges from a few isolated areoles on an extensive black prothallus to well developed and, at times, almost subsquamulose (e.g. R. reductum, Fryday 2000b taxonomically significant, although the latter is often masked by other pigments present in the epihymenium.
Exciple
Detailed investigations of the excipular structure in Rhizocarpon have not been made but would probably yield some interesting results. In this study, the exciple of R. cinereovirens is distinguished by being much reduced, usually appearing thin and lightly pigmented in microscopic section, and having a central opaque (white) zone when viewed under incident light, possibly due to the presence of crystals of norstictic/stictic acid.
Ecology
Most species are confined to either basic or acidic rocks, although R. caesium, which usually occurs on mildly basic rocks, also occurs on flushed or periodically inundated acidic rocks. Similarly, R. lavatum usually occurs on flushed or periodically inundated acidic rocks but also occurs on mildly basic rocks.
Key to the non-yellow species of Rhizocarpon, with hyaline, 1-septate ascospores A revised key to the non-yellow species of Rhizocarpon with hyaline, 1-septate ascospores is included to replace those provided by Thomson (1967 ), Feuerer (1978 , Timdal & Holtan-Hartwig (1988) , Purvis et al. (1992) and Fryday (1996) . Further work remains to be done on the R. richardii/R. polycarpon and R. caeruleoalbum/R. chioneum/R. expallescens groups and the works mentioned above should be consulted for further details of these species. 
